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Site Description
Roanoke River
The Roanoke River flows in a northwest to southeast direction and enters
Albemarle Sound at its western end. The headwaters are located in the Appalachian
Mountains of southwest Virginia. It flows 220.5 km from the last dam at Roanoke
Rapids Reservoir to Albemarle Sound (Figure 2) (Street et aI. 1975; Rulifson and
Manooch 1990). Much of the channel is greater than 4 m with holes in excess of 15 m in
depth (Street et al. 1975). The coastal plain watershed below the last dam has an
extensive floodplain ccnsisting of hardwood forest, backwater swamps, oxbow lakes, and
small creeks (Zincone and Rulifson 1991) which are connected to the river by natural and
anthropogenic openings in the natural river levee.
The entire river is freshwater with the lower part of the river subject to both wind
and lunar tides. However, the section of river between Plymouth, NC and Albemarle
Sound occasionally becomes slightly brackish as a result of salt wedges from the sound
(Zincone and Rulifson 1992). The natural river flow has been altered by several
reservoirs located upstream. A flow regime for the lower Roanoke River was established
by the Roanoke River Water Flow Committee from 1 April to 30 June to ensure favorable
conditions during the striped bass spawning migration (Rulifson and Manooch 1991).
Albemarle Sound
Albemarle Sound is an extensive estuary in northeast North Carolina measuring
88.5 km long (west to east) and 4.8 to 22.5 km wide north to south (Figure 3) (Street et al.
1975). Its central basin ranges from 5.5 to 7.6 m deep. The shoreline consists mostly of
cypress swamps and small sand beaches. It is essentially freshwater through the western
and central portions and brackish in the eastern sound. Closest access of Albemarle
Sound to the Atlantic Ocean is at Oregon Inlet, which is located between Bodie Island
and Hatteras Island. Albemarle Sound is not significantly influenced by lunar tides;
instead, wind tides prevail.
Materials and Methods
Adult Collection
Specimens of adult hickory shad were collected by the NCDMF independent gill
net survey in Albemarle Sound and its tributaries; the Roanoke River National Wildlife
Refuge (RRNWR) independent gill net survey, which was conducted by National Marine
Fisheries Service (NMFS) ~md RRNWR personnel; and from the sport fishery on the
Roanoke River at Weldon (Figure 2). The NCDMF study used single mesh gill nets 9.15
m long with mesh sizes from 64 to 102 mm stretch mesh (Winslow 1989). The RRNWR
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are sexually mature. Presence or absence of these marks on scales indicates the
percentage of the population spawning for the first time.
Mortality Estimates
Total instantaneous mortality estimates of fish within the river were obtained by
taking the age and sex composition of fish collected from the Roanoke River at Weldon,
and then applying It to the NCWRC recreational harvest estimate in the Roanoke River.
This procedure was necessary because the creel survey used to obtain the harvest estimate
did not record the age or sex of the fish (P. Kornegay, NCWRC, personal
communication). This provided a sufficient number of males and females in each age
class to estimate mortality from a catch curve (Van Den Avyle 1993).
Total instantaneous mortality (Z) was estimated for ages where recruitment was
greater than 95% complete (Males; ages 3-5; Females; ages 4-6; Sexes combined; ages 3-
6) to eliminate age classes not fully recruited to the population. Total instantaneous
mortality was calculated by estimating the slope of the line from a catch curve from a
single season. The equation is as follows:
where Nt = number alive at time t,
No = Number alive initially (at time to),
Z = instantaeous mortality rate, and
t = time elapsed since to (Van Del Avyle 1993).
Annual total mortality (A) was estimated by taking the inverse natural log of -Z and
subtracting it from one:
A= l-e,z(Ricker 1975).
Natural mortality (M) was estimated by using von Bertalanffy growth parameters
(Leo and K) and mean water temperature (T, DC) for the spawning and nursery habitats
(Manooch et al. 1997). The equation is as follows:
loglOM = 0.0066 - 0.279 log..L; + 0.6543 log10K + 0.4634Iog lOT.
The mean water temperature of 20°C used in this equation was estimated by combining
the mean of the spawning temperature range for hickory shad found in Table 22 and the
mean of the water temperature range of Albemarle Sound in Table 21. Fishing mortality
(F) can be estimated by F = Z - M.
8
Annual rates of fishing and natural mortality were calculated for a Type 2 fishery,
in which fishing and natural mortality operate together (Ricker 1975). Annual fishing
mortality (u) was calculated with the following equation:
u=FNZ,
where, F =instantaneous fishing mortality rate,
A =annual total mortality rate, and
Z =instantaneous total mortality rate.
Annual natural mortality rate (v) was calculated with the following equation:
v=MNZ
where, M =instantaneous natural mortality rate,
A = annual total mortality rate, and
Z =instantaneous total mortality rate (Ricker 1975).
Scale and Otolith Back Calculations
Scales and otoliths used for back calculations were those in which the ages were
the same. For each fish, the largest scale with legible annuli was selected for taking
measurements of the scale image projected on the screen of a microfiche reader. Scale
measurements were taken diagonally from the focus to the anterior margin. A total of 75
fish were selected for otolith examination for use in back calculations of growth at age.
All specimens < 250 mm FL and> 350 mm FL were examined (otoliths from eight fish>
350 mm FL were unreadable). The dominant length classes, 250 to 300 mm FL and 300
to 350 mm FL, were subsampled to minimize the bias associated with dominant size
classes affecting the linear regression calculations. Otolith images were measured using a
video screen connected to a dissecting scope magnified at 16x. Otolith annuli were
measured vertically from the nucleus to the ventral margin with a millimeter ruler.
Fork length back calculations were estimated from the von Bertalanffy growth
equation (Cailliet et al. 1986). The mean back calculated fork lengths at age (sexes
combined) for otolith-measured fish were used to calculate this equation. The von
Bertalanffy equation is expressed as:
Lt =L~ (l _e-K(t - to»)
where L, =predicted length at time t
L~ = maximum length predicted by the equation
e =base of the natural log
t = time
9
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Table 1. Description of beach seine and trawl sampling sites in Albemarle Sound and
selected tributaries for the juvenile hickory shad survey.
Code Site name Coordinates Description
Juvenile Hickory Shad Seine Survey (HSS)
North shore
MCR Mouth of Chowan
River
36.000 N, 76.41OW west shore of Chowan River
mouth, north shore western
Albemarle Sound
CPN
CWC
Chowan River, 36.020 N, 76.420 W
between the pound nets
Chowan River, west 36.010 N, 76.420 W
shore cliffs
west shore of Chowan River
south of Rt. 17 bridge north
shore of western Albemarle
Sound
west shore south of Rt. 17
bridge at base of bluffed
shoreline north shore of
western Albemarle Sound
BAT
32N
SAP
ESP
EBP
Batchelor Bay 35.580 N, 76.420 W western Albemarle Sound
between Cashie River Mouth
and Black Walnut Point
Rt. 32 Bridge, North 36.000 N, 76.300 W central Albemarle Sound
Shore north shore just west
of Rt. 32 bridge
Sandy Point Beach 36.000 N, 76.300 W central Albemarle Sound,
north shore just east of Rt. 32
bridge
East of Sandy Point 36.000 N, 76.290 W central Albemarle Sound
north shore, east of Sandy
Point
East of Bluff Point 36.010 N, 76.270 W central AlbemarleSound
north shore, east of Bluff
Point
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Table 1, cont.
Code Site name Coordinates Description
South Shore
WOM West of Mackey's 35.560N,76.360W western AlbemarleSound,
Creek south shore west of NC
power lines
NPL Near Powerlines 35.560 N, 76.360 W western Albemarle Sound,
south shore, next to old barge
SOY Soundview 35.570 N, 76.290 W western Albemarle Sound,
south shore just east of Rt. 32
bridge
SCR Scuppernong River 35.560N,76.180W eastern shore of Scuppernong
River, south shore of central
Albemarle Sound
ALR Alligator River 35.530 N, 75.580 W east shore of Alligator River
between Rt. 64 bridge and
NCWRC boat ramp, south
shore of eastern Albemarle
Sound
DIS Durant Island 35.570 N, 75.560W eastern Albemarle Sound
east of Alligator River mouth
CSM Croatan Sound at 35.550 N, 75.430 W west shore of Croatan Sound
Mann's Harbor north of Rt. 64 bridge,
eastern Albemarle Sound
CSR Croatan Sound on 35.550 N, 75.430 W east shore of Croatan Sound
Roanoke Island north of Rt. 64 bridge,
eastern Albemarle Sound
Juvenile Hickory Shad Trawl Survey (HTS)
ALR Alligator River 35.540 N, 75.570 W western shore of Alligator
River, south shore of eastern
Albemarle Sound
13
Table 1, cont.
Code Site name Coordinates Description
BUB Bull Bay 35.560 N, 76.200 W central Albemarle Sound,
south shore at Colonial
Beach
CHR Chowan River 36.000 N, 76.410 W west shore of Chowan River
between Rt. 17 bridge and
Salmon Creek mouth, north
shore of western Albemarle
Sound
EBP East of Bluff Point 36.010 N, 76.270 W central Albemarle Sound
north shore, east of Bluff
Point
EOP East of Powerlines 35.560 N, 76.330 W western Alb. Sound south
shore east of NC power
lines
ESP East of Sandy 36.000 N, 76.290 W central Albemarle Sound
north shore, east of Sandy
Point
SAP Sandy Point Beach 36.000 N, 76.300 W central Albemarle Sound,
north shore just east of Rt. 32
bridge
SOY Soundview 35.570 N, 76.290 W western Albemarle Sound,
south shore just east of
Rt. 32 bridge
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(SAS Institute 1985) was used to analyze correlations of water quality with fish
distributions and abundance.
Results
Results of this study are divided into the following components: adult
compositions, adult size distributions, age analysis, mortality, age back calculations,
fecundity analysis, and the juvenile nursery ground survey. Since adult hickory shad
came from three sources (NCDMF independent gill net survey in Albemarle Sound,
RRNWR independent gill net survey, and the recreational sport fishery at Weldon, NC),
portions of the results analyze these three groups individually.
Adult Compositions
Of the 643 adult hickory shad examined, the majority (83%) was from Albemarle
Sound and the Roanoke River at Weldon, which were similar in the male:female ratios.
A total of 266 specimens was from the Albemarle Sound area, 111 from the Roanoke
River National Wildlife Refuge (RRNWR), and 266 from the Roanoke River at Weldon.
A two-way chi-square analysis indicated that the male:female ratios for Albemarle Sound
(0.73: 1) and the Roanoke River at Weldon (0.76: 1) were statistically similar (X:! = 0.064,
n =532, df =1, P> 0.05) (Table 2). The independent gill net survey in the RRNWR had a
male to female ratio of 4.29: 1 (Table 2), a value significantly different from Albemarle
Sound and Weldon, NC (X2 = 54.28, n = 643, df = 2, P< 0.001). However, interpretation
of this three-way comparison should be made with caution because of the small gill net
mesh sizes used in the refuge survey, which likely selected for the smaller male fish.
Adult Size Distributions
Most males were between 270-330 rom in length, while most females were 290-
360 rom long (Figure 5). Male hickory shad ranged from 257 mm to 376 mm FL, and
female hickory shad ranged from 280 mm to 402 rom FL. Dominant sizes of males
(47.3%) were in the 280 mm and 290 mm size classes, while females (41.5%) were in
the 330 mm and 340 mm size classes (Figure 6).
Log transformed body weight (Log, BWT) plotted against log transformed fork
length (Log, FL) indicated that body weight generally increased with fork length for both
males (r2 =0.78, Figure 7) and females (r2 =0.73, Figure 8). The equations for these
relationships were:
Males: Log, BWT (g) =3.09 (Log, FL (mm)) -11.75, and
"
Females: Log, BWT (g) =2.94 (Log, FL (mm)) -10.78.
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Table 2. Chi square analysis of male to female ratios for Albemarle Sound, RRNWR, and
Weldon, NC. 0 = observed E = expected.
Total Male to female
Location Male Female examined ratio
Two-way comparison
Albemarle Sound 0= 112 0= 154 266 0.73:1
E = 113.50 E = 152.50
Weldon,NC 0= 115 0= 151 266 0.76:1
E= 113.50 E = 152.50
Total (observed) 227 305
N=532 X 2 = 0.064 P> 0.05
Three-way comparison
Albemarle Sound 0= 112 0= 154 266 0.73:1
E= 131.14 E = 134.86
Weldon, NC 0= 115 0= 151 266 0.76:1
E = 131.14 E = 134.86
RRNWR 0~90 0=21 111 4.29:1
E = 54.72 E= 56.28
Total (examined) 317 326
N=643 X 2 = 54.28 P< 0.001
17
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Table 3. Scale and otolith age class distributions of Albemarle SoundJRoanoke River hickory shad by sex,
1996.
Scale Male Female
Age class Number Percent Number Percent
2 9 3.0 3 1.0
3 171 57.8 90 29.1
4 98 33.1 161 52.1
5 16 5.4 49 15.9
6 2 0.7 4 1.3
7 0 0.0 2 0.6
Total 296 100.0 309 100.0
Otolith
Age class
2 16 6.0 8 3.3
3 177 66.2 80 33.1
4 69 25.8 135 55.8
5 4 1.5 18 7.4
6 0.4 0.4
7 0 0.0 2 0.8
Total 267 100.0 242 100.0
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Table 4. Observed mean values of fork length (mm), body weight (g), and somatic weight (g) at age of
male hickory shad collected from the Roanoke River near Weldon, North Carolina, the Roanoke River
National Wildlife Refuge, and Albemarle Sound during spring ~996. SO =standard deviation.
Fork length (mm) Body weight (g) Somatic weight (g)
Age n Mean±SO Range Mean±SO Range Mean±SO Range
2 16 293 ± 9.3 278-314 330 ± 41.7 273-411 310 ± 35.8 256-388
3 177 288 ± 12.9 257-328 319±54.1 210-548 300±57.8 197-525
4 69 319±11.9 283-354 451 ±70.2 316-698 422±59.8 297-640
5 4 332 ± 16.4 318-355 452±65.2 403-542 430±69.6 385-532
6 1 376 651 638
29
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Table 5. Observed mean values of fork length (mm), body weight (g), somatic weight (g) and potential fecundity at age of female hickory shad collected
from the Roanoke River near Weldon, North Carolina, the Roanoke River National Wildlife Refuge, and Albemarle Sound during spring 1996. SO =
standard deviation.
Fork length (mm) Body weight (g) Somatic weight (g) Potential fecundity
Age n Mean + SO Range Mean + SO Range Mean + SO Range n Mean + SO Range
2 8 304 ± 7.0 292-313 391 ± 27.3 358-446 343 ± 15.8 325-379 1 85,803
3 80 313 ± 18.4 280-360 440 ± 8SA 291-839 390 ± 7Ll 280-612 14 137,523 ± 33,573 80,290-230,645
4 135 339 ± 15.3 296-390 591 ± lOLl 359-839 505 ±83.2 318-705 19 223,576 ± 6,067 113,661-334,126
5 16 343 ± 18.8 320-397 639 ± 113.9 447-908 542± 84.6 417-710 3 294,798 ± 156,362 179,505-472,769
6 1 402 1,031 871 1 478,944
w 7 2 397 + 4.2 394-400 946 ± 192.0 810-1,082 779 ± 145.4 676-881 2 350,918 ± 92,205 185,719-416,116
tv


Table 6. Observed mean values of fork length (rom), body weight (g), and somatic weight (g) at age of
hickory shad sexes combined collected from the Roanoke River near Weldon, North Carolina, the Roanoke
River National Wildlife Refuge, and Albemarle Sound during spring 1996. SO = standard deviation.
*= females only.
Fork length (rom) Body weight (g) Somatic weight (g)
Age n Mean + SO Range Mean±SO Range Mean±SO Range
2 24 297 ± 10.0 278-314 352 ± 47.5 273-446 322±33.7 256-388
3 257 296 ± 18.8 257-360 343 ± 88.1 210-707 329 ± 69.5 197-612
4 204 332 ± 17.1 283-390 543 ± 112.8 316-839 477 ± 85.2 297-705
5 20 341 ± 18.6 318-397 605 ± 128.9 403-908 522 ± 91.9 385-710
6 2 389 ± 18.4 376-402 841 ± 268.7 651-1,031 755 ± 164.4 638-871
7* 2 397 ±4.2 394-400 946 ± 192.3 810-1,082 779 + 145.4 676-882
35
Table 7. Age at maturity percent of male and female hickory shad in the Albemarle SoundJRoanoke
River watershed, 1996. Numbers of fish mature by each age in parenthesis.
Otolith age
n 2 3 4 5
Male 233 36.1 97.9 99.6 100.0
(84) (228) (232) (233)
Female 213 38.5 93.9 98.6 100.0
(82) (200) (210) (213)
Sexes combined 446 37.2 96.0 99.1 100.0
(166) (428) (442) (446)
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female population. An additional 45.5% of the males spawned only once before, and
7.7% had spawned previously two or more times. No males exhibited more than three
spawning marks (Table 8). Only 24.9% of the females examined (233) were virgin fish
(Table 9). A total of 45.5% of the females had spawned once before with few showing
evidence of spawning more than twice. One age 7 female had four spawning marks.
Mortality Estimates
Total instantaneous mortality (Z) for males ages 3-5 was 1.43 (ages 3-5), 1.76 for
females (ages 4-6), and lAO for both sexes combined. Natural mortality (M) for both
sexes was 0.29, and fishing mortality (F) was approximately 1.11. Annual total mortality
for males and females combined was 0.75; the annual rate of total mortality was
calculated for the sexes combined because the natural and fishing mortality rates are also
based on both sexes together. The annual natural mortality rate was 0.16 while the annual
rate of fishing mortality was 0.59. Annual mortality rates for hickory shad for previous
Albemarle Sound studies ranged form 0040 to 0.65; however, annual mortality was
calculated by the Robson and Chapman method which computes survival from a catch
curve from a single season (Street et al. 1975; Johnson et al. 1978). Fishing mortality
rates for hickory shad in the Altamaha River, Georgia were about 0.30 for females and
0.13 for males (Godwin 1968; Richkus and DiNardo 1984). By comparison, fishing
mortality rates for American shad in the natal streams when the stocks were stable were
estimated to be less than 0040; this rate assumes a constant non-natal stream fishing
mortality rate of 0.15 (ASMFC 1985).
Scale and Otolith Back Calculations
A strong relationship was established between otolith radius and fork length
(males: r2=0.95; females: r2=0.92; sexes combined: r2=0.93) (Figures 18-20) but not
between scale radius and fork length (males: r2=0.15; females: r2=0.26) (Table 10). A
second regression analysis was performed on just virgin fish to minimize any variation in
scale radius caused by spawning mark erosion, but the relationship was also weak (males:
r2=0.08; females: r2=0.10) (Figures 21-22). The regression equations for the otolith
radius to fork length relationship were:
Males:
Females:
FL =8.3 (Otolith radius (l6x)) -62.3,
FL =7.3 (Otolith radius (16x)) -31.2, and
Sexes combined: FL = 7.3 (Otolith radius (l6x)) -29.2.
The von Bertalanffy growth equation was
Lt = 460 (l _e-O.24(l +1.63») .
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Table 8. Number of spawning marks for male hickory shad from the Albemarle SoundJRoanoke River
watershed, 1996, by age class.
Spawning marks
Otolith
age 0
2 12
3 92
4 4
5 1
6 0
Total 109
Percent 46.8
of total
population
1
56
50
o
o
106
45.5
2
14
1
o
15
6.4
38
3
2
1
3
1.3
4 Total
12
148
68
4
233
39
o
~
00


Table 10. Results of linear regressions describing the relationships among fork length (FL, mm), scale
radius. and otolith radius for male and female hickory shad.
Independent Dependent SEof
variable variable n Intercept Slope slope r2
FL (all males) Scale radius 128 199.4 19.0 4.0 0.15
FL (all females) Scale radius 147 202.1 23.3 3.3 0.26
FL (virgin males) Scale radius 108 254.6 0.3 0.1 0.08
FL (virgin females) Scale radius 53 261.0 0.4 0.2 0.10
FL (males) Otolith radius 24 -62.4 8.3 0.4 0.95
FL (females) Otolith radius 51 -31.2 7.3 0.3 0.92
PI (sexes combined) Otolith radius 75 -29.2 7.3 0.2 0.93
43



Table 11. Comparison of mean fork lengths at ages from observed data and back calculated data for males and females, and from von
Bertalanffy growth equation data for sexes combined.
Males Females Sexes combined
MeanFL MeanFL MeanFL MeanFL MeanFL
Age (observed) (back calculated) (observed) (back calculated) (von Bertalanffy)
1 206 212 215
2 293 247 304 263 268
3 288 287 313 306 309
4 319 293 339 345 341
5 332 355 343 363 366
6 376 402 402 386
7 397 394 402
..j::o..
-...J
Table 12. Calculated fork length at age for adult hickory shad (sexes combined).
Back calculated fork lengths at age
Age N Mean FL at capture 2 3 4 5 6 7
2 3 304 ± 4.5 226 304
3 22 299 ± 27.4 209 255 299
4 37 341 ±24.7 209 242 299 341
5 5 363 ± 19.4 214 268 309 339 363
6 1 402 231 277 310 356 376 402
7 1 394 197 243 282 315 341 368 394
48
Table 13. Mean and range (in parenthesis) of aSI values for ages 3 and 4 female hickory shad from Albemarle Sound, RRNWR, and Weldon by month.
Age 3 Age 4
Albemarle Sound RRNWR Weldon Albemarle Sound RRNWR Weldon
Month n=27 n= 14 n= 36 n=76 n= 2 n=57
February 8.93 ±6.39 10.98 ±3.39
(4.41-13.41 ) (7.97-16.65)
March 12.11 ±2.73 13.45 ±4.25 14.89 ±2.67 16.49 ±3.62
(7.87-15.75) (5.36-18.91) (4.45-21.49) (8.47-20.61)
April 8.96 ±3.72 11.40 ± 4.12 13.39 ±4.36 11.13 ± 4.10 7.61 ± 3.93 14.11 ± 4.38
(2.99-13.56) (3.69-19.58) (5.53-21.77) (4.4.32-15.27) (4.82-10.39) (5.06-24.33)
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Table 14. Potential fecundity of female hickory shad calculated gravimetrically and estimated from
regressions developed for age class, fork length (FL, mm), body weight (g), and somatic weight (g).
Fecundity Fecundity Fecundity Fecundity
Gravimetric estimated estimated estimated estimated
Age n fecundity by age byFL by body wt. by somatic wt.
2 1 85,803 80,165 135,215 111,663 118,814
3 14 137,523 148,400 158,756 135,791 147,376
4 19 223,576 216,635 226,764 210,143 217,262
5 3 294,798 284,870 237,227 314,635 239,746
6 1 478,944 353,105 391,533 426,799 439,680
7 2 350,918 421,340 378,475 384,945 383,771
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Table IS. Results of linear regressions describing the relationship between somatic weight (g) and
mesentery fat weight (g) for male and female hickory shad from Albemarle Sound (AS.) and the Roanoke
River (R.R.).
Independent Dependent SEof
variable variable n Intercept Slope slope r2
Somatic weight Mesentery 34 270.3 111.0 48.9 0.14
(R.R. males) fat weight
Somatic weight Mesentery 64 371.2 90.0 31.2 0.12
(R.R. females) fat weight
Somatic weight Mesentery 28 362.5 32.6 18.0 0.11
(AS. males) fat weight
Somatic weight Mesentery 46 451.6 43.2 27.4 0.13
(AS. females) fat weight
56

Table 16. Species compositions from the juvenile hickory shad survey seine and trawl samples in the Albemarle Sound and selected tributaries, 1996.
Seine samples (n = 130) Trawl samples (n = 11)
Percent Percent Percent Percent
presence Total of total presence Total of total
Scientific name Common name in samples catch catch in samples catch catch
Brevoortia tyrannus Atlantic menhaden 18 11,758 40.2 0 0 0.0
Alosa aestivalis Blueback herring 24 6,140 21.0 0 0 0.0
Morone americana White perch 64 5,443 18.6 73 113 10.9
Notropis hudsonius Spottail shiner 34 1,157 4.0 9 11 1.1
Morone saxatilis Striped bass 64 1,033 3.5 100 378 36.5
Hybognathus regius Eastern silvery minnow 15 662 2.3 0 0 0.0
Percaflavescens Yellow perch 33 558 2.0 18 11 1.1
Menidia beryllina Inland silverside 48 523 1.8 9 1 0.1
Anchoa mitchilli Bay anchovy 17 384 1.1 27 163 15.7
Alosa pseudoharengus Alewife 32 232 0.8 0 0 0.0
Leiostomus xanthurus Spot 29 222 0.8 73 279 26.9
Vl Strongylura marina Atlantic needlefish 18 169 0.6 0 0 0.000
Bairdiella chrysoura Silver perch 8 143 0.5 0 0 0.0
Dorosoma cepedianum Gizzard shad 14 130 0.4 0 0 0.0
. Lepomis spp. Sunfish species 18 100 0.3 9 2 0.2
Micropogonius undulatus Atlantic croaker 17 98 0.3 36 58 5.6
Menidia menidia Atlantic silverside 9 63 0.2 0 0 0.0
Fundulus spp. Killifish species 14 60 0.2 0 0 0.0
Notomegonus crysoleucas Golden shiner 6 56 0.2 0 0 0.0
Ameiurus catus White catfish 8 49 0.2 0 0 0.0
Micropterus salmoides Largemouth bass 12 40 0.1 0 0 0.0
Alosa sapidissima American shad 13 38 0.1 0 0 0.0
Anchoa hepsetus Striped anchovy 5 23 0.1 0 0 0.0
lctalurus punctatus Channel catfish 3 23 0.1 9 4 0.4
Ethostoma olmstedi Tesselated darter 5 21 0.1 0 0 0.0
Mugil cephalus Striped mullet 7 14 < 0.1 0 0 0.0
Lagodon rhomboides Pinfish 4 12 <0.1 0 0 0.0
Trachinotus carolinus Florida pompano 2 12 < 0.1 0 0 0.0
Alosa mediocris Hickory shad 5 10 < 0.1 0 0 0.0
Table 16, continued.
Seine samples (n =130) Trawl samples (n =11)
Percent Percent Percent Percent
presence Total of total presence Total of total
Scientific name Common name in samples catch catch in samples catch catch
Anguilla rostrata American eel 5 10 < 0.1 0 0 0.0
Ameiurus natalis Yellow bullhead 5 8 <0.1 0 0 0.0
Cynoscion nebulosus Spotted seatrout 2 6 < 0.1 0 0 0.0
Trinectes maculatus Hogchoker 3 6 < 0.1 27 11 1.1
Moxostoma erythrurum Golden redhorse 2 5 < 0.1 0 0 0.0
Dorosoma pretense Threadfin shad 3 4 <0.1 0 0 0.0
Paralichthys dentatus Summer flounder 3 4 <0.1 18 4 0.4
Syngathus spp. Pipefish species 3 4 <0.1 0 0 0.0
Ameiurus spp. Bullhead species 1 2 <0.1 0 0 0.0
Caranx hippos Crevalle Jack 1 2 < 0.1 0 0 0.0
Pomatomus saltatrix Bluefish 1 1 < 0.1 0 0 0.0
VI Pomoxis nigromaculatus Black crappie 2 2 <0.1 0 0 0.0
\0 Archosargus probatocephalus Sheepshead 1 1 <0.1 0 0 0.0
.Cyprinus carpio Common carp 1 1 <0.1 9 1 0.1
, Elops saurus Ladyfish 1 1 <0.1 0 0 0.0
Opsanus tau Oyster toadfish 1 1 <0.1 0 0 0.0
Orthopristis chrysoptera Pigfish 1 1 <0.1 0 0 0.0
Raja spp. Skate species 1 1 <0.1 0 0 0.0
Table 17. Catch per unit effort (CPUE) of the four juvenile Alosa species by region in beach seines in
Albemarle Sound and selected tributaries. Number of samples in parenthesis.
CPUE by region
Species Northwest North-central Southwest South-central Southeast
(n= 39) (n= 27) (n= 15) (n= 20) (n= 26)
Hickory shad" 0.1 0.2 0 0 0.1
(n= 10)
American shad 0.2 1.0 0.1 0.1 0
(n= 38)
Alewife 1.1 3.1 0.7 4.0 0.5
(n= 232)
Blueback herring 1.8 19.2 366.9 2.4 0
(n= 6,140)
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Table 18. Species abundance for each sample week of the NCDMF juvenile striped bass survey (Unpublished data, NCDMF, Elizabeth City, NC).
Species
Date Striped bass White perch Blueback herring Alewife Hickory shad American shad
960604 332 133 45 0 5 29
960613 277 898 100 147 10 27
960618 440 904 0 42 3 0
960625 266 880 61 19 10 0
960703 227 2,620 2 92 3 0
0'1 960708 643 8,350 186 54 4 0.....
Total 2,135 13,785 394 354 35 56
CPUE 39.5 255.3 7.3 6.6 0.6 1.0
Table 19. Juvenile hickory shad collected during the NCDMF juvenile striped bass and juvenile alosid seine surveys (Unpublished data, NCDMF,
Elizabeth City, NC).
Date Survey Area N Mean TL (mm) Min TL(mm) MaxTL(mm)
960604 Striped bass Edenton Bay 2 35.0 ±2.8 33.0 37.0
960604 Striped bass Avoca Farm 3 29.3 ±5.9 25.0 36.0
960613 Striped bass US 17 Bridge 1 35.0
960613 Striped bass W.ofMackeys 3 31.7 ± 3.2 28.0 34.0
960613 Striped bass Old Bayliner Plant 4 37.3 ± 13.5 28.0 53.0
960613 Striped bass Edenton Bay 2 34.5 ± 2.1 33.0 36.0
0'1 960618 Striped bass Cape Colony 3 55.3 ± 4.5 51.0 60.0tv
. 960625 Striped bass Old Bayliner Plant 2 61.0 ± 2.8 59.0 63.0
960625 Striped bass Batchelor Bay 8 56.9 ±5.2 47.0 64.0
960703 Striped bass US 17 Bridge 3 53.7 ± 6.7 48.0 61.0
970708 Striped bass Cape Colony 4 54.0 ±0.8 53.0 55.0
970813 Alosid Sandy Point 12 70.5 64.0 80.0
970813 Alosid Arrowhead Beach 8 58;6 54.0 68.0
970815 Alosid Colonial Beach 2 72.0 54.0 73.0
Table 20. Fish species associated with juvenile hickory shad.
Scientific name Common name
Total catch in samples
with hickory shad
Number present in
in samples with hickory shad
Alosa pseudoharengus
Menidia beryllina
Morone saxatilis
Morone americana
Strongylura marina
Brevoortia tyrannus
Lepomis spp.
Notomigonus crysoleucas
Perca flavescens
Leiostomous xanthurus
Notropis hudsonius
Ethostoma olmstedi
Fundulus spp.
MugUcephalus
Pomoxis nigromaculatus
Alosa sapidissima
Hybognathus regius
Anchoa mitchilli
Alosa aestivalis
Alewife
Inland silverside
Striped bass
White perch
Atlantic needlefish
Atlantic menhaden
Sunfish species
Golden shiner
Yellow perch
Spot
Spottail shiner
Tessellated darter
Killifish species
Striped mullet
Black crappie
American shad
Eastern silvery minnow
Bay anchovy
Blueback herring
28
30
64
71
5
1,158
2
15
26
28
39
1
1
1
1
2
7
11
38
7
5
5
5
3
3
2
2
2
2
2
1
1
1
1
1
1
1
1
Table 21. Water quality parameters for the 16 seine sites in Albemarle Sound and selected tributaries for the period May to October 1996. SD=
standard deviation.
Water temperature (0C) Dissolved oxygen (mglL) Secchi visibility (em) Conductivity (mS)
Site n mean j Sl) range mean j-Sl) range mean j Sf) range mean j Sl) range
Northwest
BAT 10 26.4 ± 4.6 18.0-31.0 7.1 ± 1.7 4.0-9.8 70.0 ± 15.8 45.0-90.0 0.1 0.1-0.1
CPN 9 25.9 ±3.9 18.0-29.0 8.0 ± 1.3 5.6-10.0 60.6 ± 21.3 30.0-85.0 0.3± 0.4 0.1-1.2
CWC 10 26.2± 3.6 21.0-30.0 7.6 ± 1.0 5.8-8.7 68.0 ± 21.1 30.0-90.0 0.3 ± 0.5 0.0-1.4
MCR 10 26.0 ± 4.2 18.0-31.0 7.1 ± 1.2 4.7-8.6 77.0 ± 21.8 40.0-100.0 0.4 ± 0.6 0.1-1.8
~ North-central
EBP 5 24.1 ± 5.1 16.0-28.0 7.5 ± 0.7 6.9-8.6 63.8 ±25.0 30.0-90.0 1.0 ± 1.0 0.2-2.8
ESP 6 22.6 ±5.5 15.0-27.5 7.2 ± 1.3 5.9-9.6 60.8 ±25.0 20.0-90.0 1.0 ± 0.9 0.2-2.6
SAP 11 25.4 ± 4.3 18.0-30.5 7.6 ± 1.3 5.4-9.8 75.0 ± 20.4 40.0-100.0 0.5 ± 0.7 0.1-2.6
32N 6 24.8 ± 3.4 19.0-28.0 7.3 ± 0.6 6.7-8.4 83.3 ± 16.3 60.0-100.0 0.8 ± 1.1 0.1-2.8
Southwest
NPL 10 22.7 ± 5.8 12.0-30.0 6.6 ± 2.1 3.2-9.3 58.5 ± 27.5 10.0-90.0 0.3 ± 0.5 0.1-1.8
WOM 7 25.7 ±4.3 15.0-31.0 6.8 ± 2.1 3.1-8.5 67.9 ± 18.2 40.0-95.0 0.1 ± 0.1 0.1-0.3
Table 21, continued
Water temperature CC) Dissolved oxygen (mg/L) Secchi visibility (em) Conductivity (mS)
Site n mean j Sl) range mean j Sl) range mean j Sl) range mean j Sl) range
South-central
SCR 8 28.0±2.6 24.0-31.0 4.7± 2.3 1.5-8.0 59.4± 26.1 15.0-90.0 1.2± 0.6 0.2-1.9
SOY 12 25.0 ± 4.9 15.0-31.0 7.5 ± 1.2 5.2-8.6 59.2±25.1 15.0-90.0 0.3 ± 0.4 0.1-1.6
Southeast
ALR 7 25.0 ± 3.9 17.0-25.0 7.0 ± 1.0 5.8-8.8 46.4 ± 19.7 30.0-85.0 4.3 ± 0.3 3.9-4.9
CSM 5 26.3 ± 2.9 23.5-29.5 6.6± 0.8 5.7-7.8 34.0 ± 12.9 15.0-50.0 6.7 ±2.3 4.3-10.4
0'1
Ul
CSR 7 24.0 ± 4.1 18.0-29.5 6.9 ± 1.5 4.0-8.2 33.6 ± 13.1 20.0-50.0 8.3 ±2.0 5.0-10.9
DIS 7 25.0 ± 3.6 18.0-29.0 7.4 ± 0.9 6.4-8.6 47.1 ± 10.7 35.0-60.0 4.5 ± 0.3 ·,4.2-5.2
eastern sound with CSR having the highest mean conductivity (8.3 mS). BAT, which is
located in the western sound near the mouths of the Roanoke and Cashie Rivers, and
WOM, which is on the south shore of western Albemarle Sound had the lowest mean
conductivity (0.1 mS). Mean dissolved oxygen values at most of the sites ranged from
6.6 mg/L to 7.6 mg/L:"OR, which is located on the east shore of the Scuppernong River,
had the lowest mean DO t4.7 mglL), and CPN, located near the mouth of the Chowan
River on the west shore, had the higest mean DO (8.0 mglL) among the sites. Mean
secchi visibility values were lowest in sites located in the eastern sound with CSR
(Croatan Sound at Roanoke Island) having the lowest mean secchi visibility (33.6 ern),
Discussion
Sex Compositions of the Catch
The male to female ratios from Albemarle Sound (0.73: 1) and the Roanoke River
at Weldon (0.76: 1) do not indicate a significant sex selective harvest of female hickory
shad in 1996. This can be an important indicator of harvest practices since in some
fisheries, females are targeted by the fishery (e.g., hickory shad, American shad, sturgeon
(Ascipenser spp.)) (Rulifson et al. 1982). In earlier investigations, the sex ratios of
hickory shad and American shad were difficult to ascertain because the gill net mesh sizes
selected for the larger fish, in this case, the females (Street et al. 1975; Winslow 1989;
Winslow 1990). Pound net gear is non-selective; sex ratios for alewife and blueback
herring for many studies are considered to be unbiased (Winslow 1989; Klauda et al.
1991b). In some cases males are more abundant than females, likely related to a greater
proportion of males reaching maturity at an earlier age, and the differential arrival of
males and females on the spawning grounds. Such is the case of alewife and blueback
herring in the Chesapeake Bay (Klauda et al. 1991b). Pate (1972) found the male to
female ratio of hickory shad sampled by a non-selective haul seine in the Neuse River,
NC to be 4:1. This ratio could have been the result of a large proportion of virgin males
recruited to the spawning population (47.3% of the males were age 2).
The present study, however, found the male to female ratio of hickory shad from
Albemarle Sound in 1996 to be 0.73:1, which contrasts the findings of Pate (1972). We
believe that the ratio was a good representation of the sex composition for the Albemarle
population because the fishery-independent gill net survey which collected these fish
employed several gill net mesh sizes to minimize size and sex-selective biases (Table 2).
A similar sex ratio was obtained by angling from the sport fishermen at Weldon during
1996 (0.76:1), suggesting that females in both locations do slightly out number the males.
The small gill net mesh sizes used in the RRNWR independent gill net fishery in 1996
appeared to select for males, and small females, which may explain why the male to
female ratio was significantly different than the ratios from Albemarle Sound and Weldon
\4.29: 1) (Table 2).
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Table 22, continued
Spawning season
Albemarle Sound
Spawning
temperatures
Spawning duration
Spawning habitat
Spawning frequency
American shad.
April a
_ I month f
main channel a
once, S of Cape Hatteras
1-2 times in North Carolina
1-4 times in Maryland
and Virginia
up to 5 times in New York
and Connecticut C
Hickory shad Alewife Blueback herring
mid March- mid May g mid March- early May g mid March-
mid March- late April h early May"
9.5-22 °C a 10-18 °C a 13-26 °C a
2-2.5 months g -2 months g - 2 months g
swamps, small creeks, swamps, small creeks, swamps, small creeks,
ponds, main channel b ponds b ponds, ricefields a
mostly 1-3 times f up to 5-6 times C up to 4-5 times C
mostly 1-2 times,
up to 4 times h
Ocean migration
range
long distance-- American
shad from all states and
provinces found in Bay
of Fundy during summer i
unknown--hickory shad
have been found off Long
Island, NY and New England
during summer j ,k
shorter distance--alewives
found in Bay of Fundy during
summer are mostly regional
or local in origin I
long distance--mixed
stocks in Bay of Fundy
from as far away as
North Carolina I
a. Rulifson et al. 1982 b. Klauda et al. 1991 c. Richkus and DiNardo 1984 d. Robins et al. 1986 e. Street 1970 f. Pate 1972
g. Street et al. 1975
l. Rulifson et al. 1987
h. Batsavage 1997 i. Melvin et al. 1986 j. Bigelow et al. 1963 k. Schaefer 1967

Table23. A comparison of forklengths at agefrom thisstudy to previous hickory shadstudies.
Ageclass
Study Sex 1 2 3 4 5 6 7 8
Batsavage (1997) M 293 288 318 332 376
F 304 313 339 343 402 397
Pate (1972) M 294 332 346 356 357 369
F 311 354 376 395 409 379 420
Streetet al. (1975) M 289 325 350 371 360 365
F 341 341 355 387 384 390
Hawkins (1980) M 295 318 342 353 374 384 397
F 302 337 350 373 393 413 410
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Figure 28. River flow patterns in the Roanoke River downstream of Roanoke Rapids dam during the hickory shad spawning
season (February-April), 1993-1996.
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Conclusions
Based on the results of our study and review of the hickory shad literature, the
following conclusions can be made:
1. The male to female ratios from Albemarle Souna (0.73: 1) and Weldon (0.76.1) do
not indicate a significant sex selective harvest of female hickory shad in 1996.
2. The short life span, combined with a young age to maturity, results in individuals
subjected to one or two seasons of commercial and recreational harvest before they
leave the population (from exploitation or from natural mortality).
3. The low fecundity combined with repeat spawning only one or two times makes
hickory shad and other anadromous Alosa susceptible to overharvest; harvest of the
larger, more fecund females by the American shad gill net fishery could increase the
likelihood of population decline.
4. Overlapping fork lengths at age, and size differences between males and females at
age, make size limit regulations inappropriate.
5. Juvenile hickory shad do not appear to utilize Albemarle Sound as a nursery ground
like the other three Alosa species.
Management Recommendations
Based on the conclusions listed above, we offer the following management
recommendations:
1. Impose a creel limit of hickory shad and American shad in aggregate on sport anglers
fishing near the spawning grounds. Many anglers cannot distinguish American shad
from hickory shad, so identical regulations for both species would minimize
confusion by anglers. A daily creel limit would allow anglers to harvest a reasonable
number of fish and at the same time reduce potential for overharvest on the spawning
grounds.
2. Modify seasonal limits on the American shad gill net fishery to prevent the excessive
bycatch of female hickory shad. Since hickory shad commences its spawning
migration before American shad, the opening of the American shad gill net fishery
could be delayed to allow hickory shad to enter the rivers to spawn before they
become susceptible to commercial harvest.
3. Initiate a tagging study to characterize the ocean migration patterns, to estimate the
exploitation rate, and to quantify the sources of exploitation for hickory shad.
4. Characterize the primary nursery grounds of juvenile hickory through the species
range.
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